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Summary Sinus of Valsalva aneurysm (SVA) arises frequently in the right coronary
sinus, and ventricular septal defect (VSD) is a prevalent coexistent cardiac abnormal-
ity. A 38-year-old asymptomatic male diagnosed with VSD on cardiac catheterization
in his childhood, was referred to our hospital for the change in intensity of his cardiac
murmur pointed out by his family physician. A grade V continuous murmur was aus-
cultated with a thrill loudest at the forth left sternal border. Although, transthoracic
and transesophageal echocardiography and cardiac catheterization have showed the(three-dimensional
echocardiography)
ruptured right coronary sinus aneurysm, it was difﬁcult to demonstrate coexistence
of a doubly committed subarterial VSD. Three-dimensional echocardiography could
provide clear images for diagnosis of the VSD closely adjacent to the ruptured SVA.
The defect was conﬁrmed at surgery.
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ntroductionVA is caused by a congenital deﬁciency of fusion
etween the media of the aorta and the ﬁbrotic tis-
ue of the coronary sinus [1,2]. The disease often
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oexists other congenital abnormalities, such as
SD, bicuspid aortic valve, coarctation of aorta,
tc. [3,4]. The 30—60% of the ruptured right
oronary sinus aneurysm to the right ventricle
ccompanies a doubly committed subarterial VSD,
hich is relatively common in Asian patients [5—7].
uptured SVA is possible to be free from abrupt
ymptoms. The patients might tolerate sudden
emodynamic change when a congenital left-right
hunt already coexists. Preoperative examination
gy. Published by Elsevier Ireland Ltd. All rights reserved.
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Figure 1 The ruptured SVA demonstrated by simultaneous recording of the 2D and color Doppler images on trans-
esophageal echocardiography. (A) Long-axis planes and (B) short-axis planes. The right coronary sinus ruptured into
the right ventricle. Although the large mosaic shunt ﬂow appeared to be consisted of two different streams, the coex-
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aistence of VSD could not be visualized. LA: Left atrium,
coronary cusp.
for the coexistence cardiac lesions should be care-
fully performed in patients with SVA. A concomitant
VSD affects the surgical procedure which might
need the additional aortic valve repair [8—10].
Three-dimensional echocardiography (3DE),
which has advantages in spatial resolution, has
become useful in the evaluation of various congen-
ital heart diseases [11—13]. We experienced a case
of a doubly committed subarterial VSD adjacent to
a ruptured SVA, which could be clearly recognized
by 3DE.
Case report
A 38-year-old asymptomatic male was referred to
our hospital for increase in intensity of his cardiac
murmur, which had been pointed out by his family
physician in August 2006. He had been already aus-
cultated a systolic heart murmur since his birth. He
underwent right heart catheterization at the age
of 10, and was diagnosed with VSD. However, sur-
gical repair was not indicated because of a small
left-right shunt on the oximetry run. The VSD was
also demonstrated on echocardiogram when he was
operated for pneumothrax at the age of 20.
On physical examination at admission, he
was well developed with 170 cm in height and
65 kg in weight. Blood pressure and heart rate
were 142/50mmHg and 76 beats per minute,
respectively. A grade V continuous murmur was
auscultated with a thrill loudest at the forth left
sternal border. A 12-lead electrocardiogram and
a chest radiogram showed no obvious abnormal-
ities. Transthoracic echocardiography with color
o
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rleft ventricle, RV: right ventricle, Ao: Aorta, RCC: right
oppler study exhibited a large mosaic left-right
hunt ﬂow from the right coronary sinus to the
ight ventricle. On transesophageal echocardiogra-
hy, a ruptured right coronary sinus was clearly
emonstrated. Although, careful observations of
ong-axis planes suggested that the large mosaic
hunt ﬂow consisted from a fusion of two ﬂows
riginated from the fractured right coronary sinus
nd the adjacent subaortic septal wall, separation
f the overlapping jets was difﬁcult (Fig. 1). In
ight cardiac catheterization, the mean pulmonary
edge pressure and the systolic pressure of the pul-
onary artery were 10 and 29mmHg, respectively.
cardiac output measured by Fick’s method was
.45 l/min. On oximetry run, a signiﬁcant step-up
as conﬁrmed in the right ventricle. The calculated
p/Qs was 2.59. Aortography showed the presence
f a left to right shunt from the right coronary
usp to the right outﬂow tract, however, left ven-
riculography could not distinguish the coexistence
hunt from the VSD.
We reconstructed the images of 3DE obtained
rom the commercially available machine (SONOS
500, Phillips, USA) to recognize both the ruptured
VA and the doubly committed subarterial VSD. The
ccelerated color Doppler ﬂow originating from the
SD could be clearly separated from the large shunt
ow from the right coronary sinus (Fig. 2). Render-
ng of the VSD was performed just beneath the right
oronary sinus at en face views (Fig. 3). The defect
ppeared to change its shape in each cardiac cycle.
In surgery, the right coronary sinus at the sidef the left coronary cusp was ruptured to the
ight ventricle (Fig. 4A). The subaortic small size
f VSD was conﬁrmed underneath the hole of the
ight coronary sinus (Fig. 4B). Both defects were
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Figure 2 Three-dimensional color Doppler echocardiography. (A) The shunt ﬂow from the right coronary sinus into
the right ventricle. (B) The acceleration ﬂow originated from the VSD. The two different shunt ﬂows were clearly
visualized.
Figure 3 Sequential rendering (upper row) and color Doppler (lower row) images of the subaortic VSD in 3DE. Left,
right, upper and lower side of the pictures is the direction of the left ventricular apex, the aortic cusps, chest wall and
back, respectively. There was the VSD just beneath the right coronary cusp. The defect was closed in end-systole (c).
Color-Doppler study demonstrated the shunt ﬂow from the VSD during pre-systole (a) and systole (b). In end-diastole
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eaﬂet.
losed completely by patches with autologous peri-
ardium.iscussion
VA occurs most frequently at the right coronary
inus, which ruptures usually into the right ventri-
v
ﬁ
c
hpened. Solid arrow: VSD, dotted arrow: right coronary
le especially in Asian population. VSD is a common
nomaly associated with SVA.
In recent development of echocardiographic
echnology, 3DE has been available for evaluating
arious heart diseases [14]. It provides the bene-
ts for detecting congenital heart disease. In this
ase, the doubly committed subarterial VSD, which
ad been diagnosed in his childhood, could not
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[Figure 4 Intraoperative photographs. (A) The ruptured
right coronary sinus aneurysm (arrow). (B) The subaortic
VSD.
been visualized on transthoracic or transesophageal
echocardiograms. It existed closely adjacent to the
ruptured SVA. The shunt ﬂow also overlapped the
acceleration ﬂow of the VSD. Reconstruction of the
3D on-line images made possible differentiating the
two abnormal ﬂows. En face views of the VSD could
be rendered on the reconstructed 3D images. The
oriﬁce of this small VSD was dynamically opened
and closed in each cardiac cycle. When closely
coexistent structural abnormalities are present,
3DE display is excellent in spatial recognition.
As regards surgery, doubly committed subarte-
rial VSD can cause overhang of SVA into the defect,
which may partially obstruct the shunt ﬂow [8,15].
However, the hemodynamic stress promotes rup-
ture at the top of the aneurysm, and cause aortic
regurgitation, for which aortic valve replacement
is occasionally required even after patch closure
[5—7,9,16]. The 3DE assessment may give great
advantage to deciding operative procedures.
Finally, commercially available transthoracic
3DE leaves much to be desired in quality, frame rate
and functional data to be measured. Nowadays,
real-time transesophageal 3DE has been developed
in clinical practice. It can providemore precise data
[N. Masaki et al.
or understanding the details in complex structural
bnormalities.
In conclusion, 3DE is a useful modality for diag-
osis of a VSD adjacent to a ruptured SVA in this
ase. The spatial recognitions were helpful for the
urgical correction of the anomalies.
eferences
[1] Sakakibara S, Konno S. Congenital aneurysm of the sinus
of valsalva. Anatomy and classiﬁcation. Am Heart J
1962;63:405—24.
[2] Sakakibara S, Konno S. Congenital aneurysm of the sinus of
valsalva associated with ventricular septal defect. Anatom-
ical aspects. Am Heart J 1968;75:595—603.
[3] Ishii M, Masuoka H, Emi Y, Mori T, Ito M, Nakano T. Rup-
tured aneurysm of the sinus of valsalva coexisting with a
ventricular septal defect and single coronary artery—–a rare
combination. Circ J 2003;67:470—2.
[4] Vural KM, Sener E, Tasdemir O, Bayazit K. Approach to sinus
of valsalva aneurysms: a review of 53 cases. Eur J Cardio-
thorac Surg 2001;20:71—6.
[5] Soto B, Becker AE, Moulaert AJ, Lie JT, Anderson RH.
Classiﬁcation of ventricular septal defects. Br Heart J
1980;43:332—43.
[6] Moustafa S, Mookadam F, Cooper L, Adam G, Zehr K, Stulak
J, et al. Sinus of valsalva aneurysms-47 years of a single
center experience and systematic overview of published
reports. Am J Cardiol 2007;99:1159—64.
[7] Wang Z, Zou C, Li D, Li H, Wang A, Yuan G, et al. Surgical
repair of sinus of valsalva aneurysm in Asian patients. Ann
Thorac Surg 2007;84:156—60.
[8] Tomita H, Arakaki Y, Ono Y, Yamada O, Yagihara T, Echigo
S. Severity indices of coronary cusp prolapse and aor-
tic regurgitation complicating ventricular septal defect in
the outlet septum-which defect should be closed. Circ J
2004;68:139—43.
[9] Naka Y, Kadoba K, Ohtake S, Sawa Y, Hirata N, Nishimura
M, et al. The long-term outcome of a surgical repair of
sinus of valsalva aneurysm. Ann Thorac Surg 2000;70:727—
9.
10] Murashita T, Kubota T, Kamikubo Y, Shiiya N, Yasuda
K. Long-term results of aortic valve regurgitation after
repair of ruptured sinus of valsalva. Ann Thorac Surg
2002;73:1466—71.
11] Ishii M, Hashino K, Eto G, Tsutsumi T, Himeno W, Sugahara
Y, et al. Quantitative assessment of severity of ventricu-
lar septal defect by three-dimensional reconstruction of
color Doppler-imaged vena contracta and ﬂow convergence
region. Circulation 2001;103:664—9.
12] Kardon RE, Cao QL, Masani N, Sugeng L, Supran S,
Warner KG, et al. New insight and observation in three-
dimensional echocardiography visualizing of ventricular
septal defects-experimental and clinical studies. Circula-
tion 1998;98:1307—14.
13] Noji Y, Hifumi S, Nagayoshi T, Nagasawa S, Kasuga T, Miwa
K, et al. Sixteen-slice computed tomography, transthoracic
real-time 3-dimensional echocardiography and magnetic
resonance imaging assessment of a long-term survivor
of rupture of sinus of valsalva aneurysm. Inter Med
2005;44:513—5.
14] Lang RM, Mor-Avi V, Sugeng L, Nieman PS, Sahn DJ.
Three-dimensional echocardiography: the beneﬁts of the
additional dimension. J Am Coll Cardiol 2006;48:2053—69.
V[alsalva aneurysm rupture with VSD15] Tatsuno K, Konno S, Ando S, Sakakibara S. Patho-
genetic mechanism of prolapsing aortic valve and aortic
regurgitation with ventricular septal defect. Anatomi-
cal, angiographic, and surgical consideration. Circulation
1973;48:1028—37.
[
Available online at www.14316] Kaya MG, Ozdogru I, Inanc T, Dogan A, Ceyran H, Oguzhan
A. Severe aortic regurgitation after repair of ruptured
sinus of Valsalva aneurysm: the role of transesophageal
echocardiography. J Am Soc Echocardiogr 2007;20:1314,
e1—e6.
sciencedirect.com
